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There is no known mechanism by which magnetic fields of the type generated by high voltage power lines can play a role in cancer development.
Nevertheless, epidemiologic research has rather consistently found associations between residential magnetic field exposure and cancer. This is
most evident for leukemia in children. - Environ Health Perspect (Suppl 2):59-62 (1995)
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Introduction
Magnetic fields are generated by electric
currents flowing through conductors. Thus,
magnetic fields exist wherever there are
electric currents and are thus ubiquitous in
modern society. The characteristic of a
magnetic field is determined by the strength
ofthe electric current and by its frequency.
The frequency in power lines, appliances,
and other common sources is 50 Hz in
Europe and 60 Hz in North America.
Fields from power lines and other sources
in the environment are so weak that the
induced currents in human bodies are sev-
eral orders ofmagnitude weaker than those
induced by electric activity in nerve and
muscle cells and the energy is too weak to
break chemical bonds. Despite extensive
experimental research, there is to date no
known mechanism bywhich such fields can
play a role in cancer development.
The epidemiologic literature on poten-
tial health effects of electric and magnetic
fields has been reviewed several times by
task groups such as the Oak Ridge
Associated Universities panel in the U.S.,
the British Radiological Protection Board,
and by independent scientists (1-4). The
conclusion has invariably been that there is
not sufficient evidence for a firm conclusion
in either direction. However, the credibility
given to the hypothesis of a link between
magnetic fields and health effects varies
among reviewers. The basis for the different
conclusions is mainly varying weight put to
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the lack of a known possible mechanism
and different weights given to the likelihood
ofsystematic errors in some ofthe studies.
It is clear that there are inconsistencies
within the epidemiologic literature. Some
childhood cancer studies have found associ-
ations between magnetic fields and central
nervous system cancers while others have
not. Also in the occupational literature the
studies vary with regard to type of cancer
for which effects are seen. There is also
inconsistency between occupational studies
and residential adult cancer studies in that
most residential studies on adults have not
found effects while most occupational stud-
ies have. Furthermore, several ofthe studies
use different methods to estimate magnetic
field exposure and the results depend on the
method of choice in a manner that is not
self-explanatory (below). The reasons for
these inconsistencies are not known,
although in some instances there are good
hypotheses that may provide at least partial
explanations. One example is the lack of
association in most adult residential studies.
A closer look reveals that several of those
studies simply have too small a number of
exposed subjects to provide any meaningful
information for specific cancer sites (5,6).
Thus, for adults and residential exposure
there are actually very few data at hand.
Despite these inconsistencies, there is actu-
ally a rather good consistency across sub-
groups. One such area is the studies on
childhood leukemia and residential magnet-
ic field exposure.
Childhood Leukemia Studies
The childhood leukemia studies are given
special attention here because this is the
group with a reasonable number of
reports that display the highest consisten-
cy across studies.
We are currently aware of ten studies
with information on leukemia in children
and residential exposure to magnetic fields,
including three recent Nordic investiga-
tions. The original Wertheimer and Leeper
study from 1979 has been discussed exten-
sively and also criticized (7). Although it is
true that the study has some unorthodox
features, no one has been able to point to a
systematic error that might explain the
findings. One area ofcriticism was the use
ofwire codes to assess magnetic field expo-
sure. Wire codes are a way of classifying
homes according to type and distance to
nearby lines. However, it has been shown
that wire codes indeed provide a reasonable
classification by magnetic field. The size of
the study and the strength and consistency
ofthe findings rule out chance as an expla-
nation. This study was followed by an
investigation that showed no association
between wire codes and childhood
leukemia, but the control selection in the
latter work has been justifiably criticized as
having the potential ofleading to underes-
timation ofthe relative risk (8,9).
One study by Tomenius was not pub-
lished until 1986, although it actually was
conducted shortly after the Wertheimer
and Leeper report. It shares some problems
with other studies, which were designed at
a time when less was known about magnet-
ic field exposure distribution and measure-
ments (10). To measure exposure,
Tomenius used the presence of a visible
220 kV line within 150 m (paced by foot)
and alternatively a short-term magnetic
field reading outside the front door of the
building, often an apartment building. For
leukemia, Tomenius (10) found a relative
risk close to unity when distance to lines
was used and a considerable under-risk
when front door readings were used. We
now have clear indications that neither of
those approaches provides a valid magnetic
field assessment in the home. The 150-m
range is much too wide to be meaningful.
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A short-term reading outside the front
door is only a reasonable predictor of
indoor magnetic fields if there is a domi-
nant external magnetic field source, such as
a high voltage line, near the home. There
are also other difficulties with the study,
such as the use of dwellings rather than
individuals as the observational entity.
There are two British studies to consid-
er. One was originally an adult leukemia
study but has been extended to include
those below 18 years ofage (11). It uses a
crude approach to exposure assessment that
classifies as exposed everyone who has a
substation within 50 m of their homes.
They find a slightly elevated relative risk.
The other study is not properly a leukemia
study but combines all nonsolid tumors
into one disease entity (12). It uses a
sophisticated procedure for exposure assess-
ments whereby magnetic fields in the
homes are calculated from information
about nearby lines. However, only 1 case
out ofa total of374 and 4 controls out ofa
total of 588 have calculated fields exceed-
ing 0.1 pIT; most studies are based on cut-
offpoints ofat least 0.2 JT. The reason for
this low proportion of exposed subjects is
not known but it renders the study virtual-
lyvoid ofinformation.
Perhaps the most frequently cited stud-
ies on childhood cancer and magnetic fields
are one by Savitz et al. (13) and one by
London et al. (14). Both find dear associa-
tions with childhood leukemia when mag-
netic field exposure is assessed through wire
codes but much weaker associations when
actual magnetic field readings are used. This
seemingly contradicting result might, how-
ever, be explained by the findings in the
Swedish study that there was a poor correla-
tion between calculated historic fields and
contemporary short-term readings; one
explanation may be that wire codes are bet-
ter predictors oflong-term exposure. Both
studies have also been discussed with respect
to control selection bias, but for different
reasons. In the Denver study, the controls
may have been less mobile than the cases
and in Los Angeles the random digit dialing
procedure may have resulted in some bias.
However, these methods are commonly
used in the United States and it is difficult
to assess the importance of these potential
systematic errors, ifany.
A Swedish study was performed on the
population living within a corridor around
the country's 220 and 400 kV lines during
a 26-year period; the corridor was defined
wide enough so that the outer part was
unaffected by magnetic fields generated
from the line (15 ). The study took advan-
tage ofthe Swedish population registry sys-
tem including the cancer and mortality
registries. This made it possible to identify
the study population carefully, to identify
cases of cancer, and to select controls.
Thus, this design should minimize the risk
ofselection bias.
The approach to exposure assessment
was based on the assumption that for those
living close to high voltage lines, the domi-
nant source of electromagnetic field expo-
sure would be the nearby line. Provided
that one has access to information about
configuration, load, and relevant geograph-
ic parameters, the magnetic field generated
from the line can be calculated. Short-term
measurements and calculations were per-
formed based on conditions at the time of
the measurements and it was found that
calculations did indeed predict the mea-
sured fields with reasonable accuracy.
However, this accuracy was considerably
higher in single-family homes than in apart-
ments. Historic load information for the
involved transmission lines was also avail-
able. This made it possible to calculate
annual averages ofthe fields for the year of
diagnosis for each case and corresponding
controls. These calculated fields did not
show a reasonable correlation with the mea-
sured fields, indicating that contemporary
short-term readings are poor predictors of
annual averages ofhistoric fields. This sug-
gests an explanation for the apparent incon-
sistency in some previous studies that have
found associations with cancer risk when
wire codes were used but not when actual
measurements were used. However, more
research is needed about the interrelation-
ship between spot measurements at one
time andvarious power-line based magnetic
field estimates at another time or period.
Such research is going on, e.g., based on the
data collected in the Swedish study.
When historic calculations were used as
exposure assessment for childhood
leukemia and with cut-off points at 0.1
and 0.2 pT, the relative risk (RR) increased
over the two exposure levels and was esti-
mated at 2.7 (95% CI: 1.0-6.3) for 0.2 pT
and over. These results persisted when
adjustments were made for potential con-
founding factors. For central nervous sys-
tem tumor, lymphoma, or for all child-
hood cancers together there was no support
for an association. There were no associa-
tions with measured fields. Thus, in short,
the study showed an association between
calculated historic magnetic fields and
childhood leukemia, but not with other
childhood tumors and not when measured
fields were used. The weakest point ofthis
study seems to be the small numbers.
Despite the fact that the entire country was
included as well as the entire period for
which the cancer registry has been in oper-
ation, the critical numbers, i.e., the num-
bers of exposed cases, are low. However,
the magnitude ofthe relative risk estimates
and the accompanying confidence inter-
vals, together with the internal consistency
of the results, speak against chance as the
explanation for the observed association. It
was concluded that overall, the study gives
more support for an association between
magnetic field exposure and cancer inci-
dence than against.
A similar study was conducted by the
Danish Cancer Institute. The institute was
commissioned to include a magnetic field
component in an ongoing childhood can-
cer study with different objectives (16).
The study was a population-based
case-control study including all cases of
leukemia, lymphoma, and brain cancer in
children in Denmark. Denmark has a well
functioning cancer registry which was used
as the source for the cases. Controls were
selected randomly, matched for basic
demographic characteristics. The main dif-
ference is that in the Swedish study the
population was restricted to those living in
the power line corridor, while in the
Danish study the population in the entire
country was included. The approach to
assessing magnetic field exposure was simi-
lar, but the Danish study did not include
any spot measurement component. One
other difference was that the Danish study
did not include all childhood cancers, but
only the selected types mentioned.
In many respects, the Danish study has
similar strengths as the Swedish work;
again, the major weakness appears to be
the limited size. This weakness is more
marked in the Danish study since
Denmark is smaller and hence the numbers
are smaller. The fact that the Danish study
includes all Denmark while the Swedish
study only includes the power line corridor
does not change this since the limiting
number eventually is the number of
exposed cases not the total number ofcases
or subjects in the study.
The results have been discussed mainly
with respect to a high estimated relative
risk of lymphoma. In our view, however,
the most important aspect of the results
might be the leukemia relative risk that
was estimated at 1.5 for a magnetic field of
0.25 pT or more. Even though it is a
modest elevation, this result is compatible
with the leukemia results in the Swedish
study (below).
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A study on childhood cancer similar to
those ofthe other Nordic countries has also
been conducted in Finland (17). However,
the conditions with regard to available
information were different and the Finnish
study has some diverging features. More
information about the population was com-
puterized in Finland than in the other coun-
tries. This made it possible to base the
research entirely on digitized information,
which in turn made a cohort study possible.
The advantage of the cohort approach is
that there is no random variation and no
risk ofselection bias from the control selec-
tion. The disadvantage is that exposure
assessment may be less detailed. In Finland,
distance between line and building and all
other information on which exposure assess-
ment was based was obtained from comput-
erized registries. For a magnetic field of0.2
pT or more the main results of the study
were a relative risk estimate of 1.6, and 2.3
for leukemia and nervous system tumors
respectively. For all cancers together, the rel-
ative riskwas estimated at 1.5.
The three Nordic studies have also been
pooled in ajoint analysis (18). Thejustifica-
tion was that despite certain differences, the
three studies were considered similar enough
in design to conclude that chance would be
the major source of differences in results.
This would also partly make up for the small
numbers in the individual studies.The joint
analysis resulted in a relative riskof2.1 (95%
CI: 1.1-4.1) forleukemia.
Thus, the ten available studies provide
information of varying quality and a few
should be given less weight when combin-
ing findings across studies. The results of
these studies are summarized in Table 1.
Results referring to wire codes or line based
estimates of the fields have been used
Table 1. Summary of results from ten childhood
leukemia studies on residential magnetic field and
leukemia (power line-based exposure assessment).
Author Relative risk(95% Cl)
Wertheimer and Leeper (9) 3.0(1.8-4.9)
Fulton et al. (8) 1.0(0.6-1.8)
Tomenius(10) 1.1 (0.3-4.1)
Savitz et al. (13) 2.8(0.9-8.0)
Coleman et al. (11) 1.5(0.7-3.4)
Myers etal. (12) 0.8(0.07-9.6)
London et al. (14) 2.2 (1.1-4.3)
Feychting and Ahlbom, (15) 2.7 (1.0-6.3)
Olsen et al. (16) 1.5(0.3-6.7)
Verkasalo et al. (17) 1.6(0.3-4.5)
Total Scandinavian studies (18) 2.1 (1.1-4.1)
rather than measured fields. With three
exceptions (8,10,12), all studies have rela-
tive risk estimates in the range of 1.5 to
3.0. Thus, the evidence on leukemia in
children appears rather consistent
Discussion
There is evidence supporting the theory
that exposure to magnetic fields ofthe type
generated by power lines is of importance
for the development of cancer, but experi-
mental research has been unable to disclose
a mechanism. Few reviewers would be
willing to conclude that the epidemiologic
data are so strong that the hypothesis can
be considered proven. Therefore, unless the
theory is rejected on theoretical grounds we
have to accept the uncertainty, which
indeed may last for some time. From the
scientific point ofview there is no problem
with that and scientists are used to the limi-
tations ofcurrent knowledge.
From the public health point of view
the situation is more complicated, since
this research has received extensive media
attention, which in turn has created great
concern among the public and politicians.
However, even on the assumption that a
causal association between magnetic fields
and cancer were proven beyond reason-
able doubt, there would still remain diffi-
culties from the public health perspective.
There are several reasons for this. First,
the affected cancer diagnoses would not
be known. The most compelling evidence
seems to exist for leukemia in children but
there are also other cancers for which
there is some evidence. Second, since the
relevant dosimetry is not known, it is not
possible to estimate the number of
exposed persons or the relative impor-
tance of various magnetic field sources
such as power lines and appliances ofdif-
ferent sorts. There is, for example, no
information on whether short-term expo-
sure to strong fields is equivalent to long-
term exposure to weak fields. We do not
know if exposure at night would be of
more relevance than daytime exposure.
On the very simplistic assumption that
residency close to high- voltage power
lines (in Sweden 220 and 400 kV) would
double the childhood leukemia incidence,
it may be estimated that less than one case
per year out ofa total of70 would be pre-
vented were all power lines deenergized.
The reason for the low number is the
combination of an uncommon exposure
and a rare disease.
It is the responsibility of politicians,
power line owners, and individuals to
decide what action is warranted in a situa-
tion like this. One should remember, how-
ever, that we all have difficulties dealing
with risks. This is particularly true in a sit-
uation in which there remains uncertainty
about basic facts and in which the risk is
low but the putative consequence severe.
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